ABSTRACT Since 1996 ecosystem rehabilitation by tree planting has been carried out on the degraded land after shifting cultivation at Bakam Forest Reserve (BFR), Sarawak, Malaysia. In order to evaluate the performance of the rehabilitation of a degraded land after shifting cultivation, at first, it needs to define the current status of degraded soils. In this study, the morphological, physico-chemical, mineralogical, and charge characteristics of soils on the degraded land were investigated. Nutrient content of soils in the degraded land was quite low at the same level as was seen in the subsurface soil of the remnant forest due to soil erosion after shifting cultivation. The soils in the degraded land were harder than those in the remnant forest due to. soil compaction. The soils showed strongly weathered characteristics, such as low PZSE (Point of Zero Salt Effect) value, high proportion of variable-charge minerals due to loss of 2: 1 type clays with permanent negative charge, and low oxide contents. Soil properties become worse easily and shortly after soil erosion, and are modified by the water action and topography in situ. Once the vegetational cover is destroyed, it could not regenerate easily in such an intrinsic infertile soil condition even under enough rainfall and high temperature.
Once natural forest is cleared, the original stocks of nutrients in soils will be exhausted severely. Soil degradation problem in the worldwide scale was reviewed in Advances in Soil Science Volume 11 (Lal & Stewart, 1990) in detail. At present 5 to 7 million hectares of arable land (0.3% to 0.5%) are lost every year through soil degradation (Lal & Stewart, 1992) . The expansion of agricultural land in Malaysia has been taking place on marginal soils and steep lands that are highly vulnerable to erosion (Lal, 1990) .
Simultaneously, the tropical forest is destroyed for agriculture and their soils are degraded rapidly.
Ultisols are the most abundant soils found in Southeast Asia (Sanchez, 1976) , which have been characterized by some workers (Owen, 1951; Beckett & Hopkinson, 1961; Wood & Beckett, 1961; Dudal & Moormann, 1964; Ohta & Effendi, 1992) . However, there is little information on the Ultisols under the dipterocarp forest, which has been lost by shifting cultivation. Since 1996, several types of tree planting as ecosystem rehabilitation was attempted on the degraded land in Sarawak, Malaysia (Ogino, 1999; . To understand the rehabilitation and restoration of the degraded land through the detailed evaluation on rehabilitation process, an accumulation of knowledge on initial soil South China Sea PHILIPPINES conditions in the degraded lands should be of prime importance. Thus, in this report, the soil condition in an abandoned shifting cultivation area was evaluated, with special reference to morphological, physico-chemical, and mineralogical properties of the soils.
MATERIALS AND METHODS

Study area
Bakam Forest Reserve (BFR) is situated along the gravel road leading to Bakam village about 6.4 kID from Miri-Bintulu Road in Miri Division, Sarawak, Malaysia (Fig. 1 ). The landform of the area can generally be described as low hills with highest point of about 90 m in altitude. Parent materials are tertiary sedimentary rocks (sandstone and/or shale). The mean annual precipitation at Miri town (about 30 km north of the study site) from 1917 to 1957 was 3,150 mm (Yamakura et al., 1995) . BFR is comprised of two valleys (Fig. 2) . The valleys, one facing northward and the other westward are separated by a tripod ridge. Tree planting experiment for ecosystem rehabilitation of shifting cultivation areas was carried out in the BFR in 1996 to 1998. Total area of our research site in the BFR is 21.4 ha. Although an area about 0.4 ha of remnant forest was left at the northwestern portion, the area is mostly covered with secondary growth vegetation after shifting cultivation. It is dominated by light demanding shrubs and trees ranging from 3 to 6 m in height. 29 degree while that at the B3 site is 34 degree. Since the canopy is still wide open and the slope is very steep, a frequent heavy rainfall might have caused a severe erosion of the topsoil. Therefore, the upper part of solum was found to be unstable from the standpoint of pedogenesis. The B4 and B5 are located in a relatively stable lower slope, with a gentle slope less than 10 degree. The B4 site is partially covered by the canopy of a pioneer tree, e.g., Macaranga sp., and some ground vegetation, whereas the B5 site is covered with some weeds and shrubs (fern and imperata grass). The B6 and B7
are located in the upper part of valley. The slope at the B6 site is 25 degree while that at the B7 site is 9 degree. The B6 site is covered with light demanding shrubs and small trees, while the B7 site is no definite canopy cover. At these sites, the soil profile was prepared and described in terms of texture, soil color, soil structure, gravels, and roots, and so on (Table 1) . 
Analytical Methods
Physical properties
To know the vertical distribution of the soil hardness, we better use a cone penetrometer equipped with a metal cone on top and a weigh to push and make the cone penetrating into soils. We just fall the 2 kg of weigh at a given distance (50 em), and record the penetrating depth by an attached scale.
Based on the reading, penetration resistance can be estimated. We conveniently use Hasegawa type cone penetrometer (Daito Green, H-60) until the depth of 60 em around the soil pits.
Physico-chemical and mineralogical properties
The analysis of the soil samples collected at the depth of 5-10 cm and 15-20 cm at all sites in the BFR was performed for the evaluation of soil fertility. Soil samples were air-dried and crushed to pass through a 2-mm sieve. The pH was measured with a glass electrode using a soil to solution (H,o or IM-KCI) ratio of 1: 5 after reciprocal shaking for 1 h (designated as pHw and pHk, respectively).
Electric conductivity (EC) was measured using the supernatant solution after reciprocal shaking for 1 h at a soil to water ratio of 1 to 5. Exchangeable bases were extracted with 1M ammonium acetate at pH 7.0 twice, using a soil to solution ratio of 1: 5 and then the amounts of Ca, Mg and K in the extract were determined by atomic absorption spectrophotometer, and that of Na by flame photometry (Shimadzu, AA-61OS). Exchangeable AI and H were extracted with 1M KCl, and their contents were determined by the titration method. After replacement of exchangeable bases, washing with a deionized water and a 99 % ethanol and replacement of NH: with 10 % NaCI were successively performed by centrifugation. The amount of ammonium ion was determined by KjeldaW distillation and titration method. Particle size distribution was determined by the pipette method. Total carbon and nitrogen were determined by a dry combustion method using NC-analyzer (Sumitomo Chemical, Sumigraph model NC-80). Available phosphorous was extracted with O.OOlM H 2 S0 4 (Truog method) and its content was determined by the molybdenum blue method. AI, Fe, and Si oxides were extracted twice with an acid ammonium oxalate solution (0.2M, pH 3.0) by reciprocal shaking in the dark for 1 h, at a soil to solution ratio of 1 to 25 (Mckeague & Day, 1966) . They were extracted twice with a citrate-bicarbonate mixed solution buffered at pH 7.3 with the addition of sodium dithionite for 15 min. at 75 to 80 "C, using a soil to solution ratio of 1 to 100 (Mehra & Jackson, 1960) . AI, Fe, and Si contents in the extract were designated as AIo, Feo, and Sio for the former extractant, and Aid, Fed, and Sid for the latter. The contents of all the cations were determined using a sequential plasma spectrometer (Shimadzu, ICPS-1000IV). Clay minerals were identified by X-ray diffraction method (Shimadzu, XD-Dlw). Point of zero salt effect (PZSE) and op value of soils was determined by a modified salt titration (STPT) method (Sakurai et ai., 1988) .
RESULTS AND DISCUSSION
Soil morphological characteristics
Generally, red yellow podzolic soils by the Malaysian soil taxonomy (Theng, 1993) equivalent to Acrisols (FAOIUNESCO, 1974) or Ultisols (Soil Survey Staff, 1992) were found in the BFR. The soil profile descriptions are shown in Table 1 . At the Bl (remnant forest) and B4 sites, the 0 layer was thick because of accumulation of organic materials, while the 0 layer at the other sites was thin and mostly consisted of dead weeds. At the Bl site, the root mat « 10 cm in thick) was well-developed.
On the other hand, at the other sites, only grass roots were found in the surface horizon and some carbonized tree roots remained in the deeper part of solum. There could be seen parent rocks (slightly to moderately weathered sandstone) in the subsurface layer (20-23 cm in depth) at the B7 site, whereas at the other sites, parent rocks could not be seen within the profile examined. AIthough mo~t of the sites showed a very sandy texture in the surface A horizon in the BFR, the most significant\ difference among sites was the color and thickness of A horizon. In the Bl pedon on a middle slope in the remnant forest, surface A horizon was only 1-2 cm in thickness except for root mat with a grayish yellow brown color of lOYR4/2. On the other hand, in the other pedons, the thickness of A horizons were 7-15 cm, 7-10 cm, 10-15 cm, 5 cm, and 9-11 cm for B2, B3 and B4, B5, B6, and B7, respectively. The surface A horizons had various colors of dull yellowish brown (lOYR4/3 for B2 and B5, 10YR5/3 for B3 and B6), grayish yellow brown (lOYR4/2 for B4), and dull yellow orange (lOYR6/4 for B7). The surface A horizon of these soils tended to be higher hue and value in color than that of the Bl in the remnant forest. Erosivity depends on the physical characteristics of rainfall: the size of the drops, their number per unit time, their velocity, and the resulting kinetic energy they carry. Tropical rains have larger drops than temperate rains. In general, the greater the rain intensity, the greater the proportion of large drops and the faster their terminal fall velocities (Van Wambeke, 1992) . For these reasons, a frequent heavy rainfall might have caused a severe erosion of surface soils, and therefore, subsurface soils became a current surface layer. The difference in color and thickness of surface horizon might be brought about by the relative accumulation of organic materials in the BFR. If the soil is exposed to the bombarding force of raindrops, the aggregates tend to break apart, and the detached particles are subject to movement in the runoff water (Harpstead et aI., 1988) . However, subangular blocky structure at surface soils was observed at the survey sites. Once the soil surface is covered with the weeds and some pioneer trees for several decades, the destruction of soil structure and soil erosion may be prevented. In the B7 site, the deeper horizons (Cl and C2) had reduced mottles, indicating a wet condition.
These soils can be classified into the following Sarawak soil series (Theng, 1993) ;
Bl, B2, B5 and B6: Bekenu series B3: Nyalau series B4: Merit series B7: Stom series According to Sabang et al. (1998) , Bekenu series are the fine loamy red yellow podzolic group with color hue of lOYR within 50 cm of the surface. The Nyalau series are the coarse loamy red yellow podzolic group that has developed from sandstone. It is one of the dominant soils in the BFR. The Merit series are the clayey texture soils. It is derived from argillaceous sedimentary rock, mainly shale. Shale fragments are commonly found in the subsoil. The profile of the Bekenu, Nyalau and Merit series have a brownish yellow A horizon over a yellow B horizon. The Stom series are also of the clayey soils and similar to Merit series except for a lower value and chroma of soil color. This is because of the poor drainage within 50 cm of soil surface.
Geologically, the distribution of parent materials, namely sandstone and/or shale, is complicated because of a tilt and a fault. When sandstone and shale appear on the ground, soils are sandy and clayey texture, respectively. Thus, the existence of different soil series among a relatively small area would be related to the presence of the parent materials on the ground surface. The distribution of soils here, therefore, could be depending on the distribution of parent materials in situ strongly affected by the topographic factor.
Lambir Hills National Park (LHNP) which is located about 20 km south of BFR is covered with mixed dipterocarp forest. Since the LHNP is protected against fire and any sort of activities and its canopy of mixed dipterocarp forest is maintained, a continuous supply of organic matter and its accumulation in soils can be found, which may contribute to the prevention of soil erosion except for steep slope area. According to the soil profile description in LHNP (Ishizuka et ai., 1998) , on a stable 257 hill ridge, the root mat was well-developed on the surface and soil depth was deeper than 200 cm without any presence of gravel in the pedon. On the lower slope near valley bottom, the root mat was not developed and soil depth was shallow. In addition, coarse fragments in subsurface horizon were abundant because transported materials can be supplied from the surroundings continuously. Now we try to compare the BFR and the LHNP in terms of five major factors for soil genesis, i.e., parent materials, topography, biology, time, and climate. Biologically, there would be clear differences reflecting the amount of organic matter accumulation. Since both of the sites were located within a relatively short distance (about 20 kIn apart from each other), there may not be a definite difference in climate and geological time for long-term weathering. The soil materials found in both plots were the weathering products of sandstone and shale. Therefore, the difference between the two sites mostly could be caused by the human activity. Once the vegetation is removed by some human activities, i.e., shifting cultivation, it is difficult to recover the vegetation because of the erosion of surface soils with a high nutrient content. The current status of soils in the BFR and the LHNP is very different in morphology of surface soils, which can be one of the influential factors to cause the difference in vegetation.
Physical properties
The analysis of soil hardness enables us to seize the material distribution in soils, where most of the roots concentrate (Hasegawa et al., 1984; Sakurai et at., 1995) . In particular, gravel layer can be easily discriminated without digging a soil pit and without disturbing the vegetation stand greatly (Sakurai et at., 1995) . If a gravel layer is found in a shallow depth, tree root may suffer greatly from the physical hazard.
Examples of the vertical distribution of soil hardness around the soil pit are depicted for each site (Fig. 3) . At the Bl in the remnant forest, the soil was very soft, especially, at the surface soil, where the roots concentrate. No gravel layer and bedrock appeared down to the depth of 60 cm. This pattern of soil hardness distribution is similar to that of the ridge part in the natural forest as shown by Ishizuka et al. (1998) . Total counts of soil hardness measurement at the B2 and B3 on the upper slope was slightly higher than that at the Bl. Soil compaction was caused by the elimination or reduction of structural pores. Increase in soil bulk density is caused by natural and man-induced factors.
Hardsetting is a problem in soils of low-activity clays and soils that contain low organic matter content (Lal & Stewart, 1990) . Destruction of organic matter by fire destroys the soil structure and reduces porosity, which decreases infiltration and increases runoff and erosion (DeBano et al., 1998) . Thus, the B2 and B3 soils that were located on very steep slope could be compacted due to loss of organic matter and erosion of surface soils during and after burning. At the B4 and B5, the soils were slightly harder than the soils on the upper slope, and it became harder gradually with depth, indicating the presence of the finer soil materials at deeper part of soils. The B6 soil was softest in the degraded shifting cultivation area except the remnant forest soil (B1) because the B6 was located on the upper part of valley and was in a wet condition. Although the B7 was also located on the upper part of valley, soil hardness at the B7 was higher than that at the B6, representing the presence of some rock fragment. Material distribution estimated through soil hardness measurement was confirmed by the profile description (Table 1) .
Compared with the LHNP, the soil hardness in the BFR tended to be slightly harder, because of the compaction of subsurface soils and the absence of organic matter. According to the results of soil hardness in the two major types of forest, i.e., dry evergreen forest and dry dipterocarp forest in northeast Thailand , the soils were very hard except the surface horizon due to the presence of the gravel layer and high contents of clay particles. Total counts of soil hardness measurement were sometimes more than 150 , whereas total counts in the BFR were less than 40. This suggests that the physical stress of soil hardness against root elongation in the BFR was much lower than the soils in the northeast Thailand. The root of an elm (Zelkova serrata) cannot elongate well, when the value of the penetrating depth (cm) per one drop of weigh is less than 0.5 (Hasegawa et aI., 1984) . The physical hazard of soil hardness for root elongation was not confirmed in the BFR. However, the surface soils will become harder when there is no rain for a few days, because the canopy is still wide open in the BFR, and therefore, soil moisture is prone to fluctuate easily. We can now conclude that the prediction of the distribution of soil materials in the BFR can be accomplished successfully by the simple technique using a soil penetrometer, and a serious hazard due to soil compaction could not be found here.
Physico-chemical and mineralogical properties
The results of soil analysis are summarized in Tables 2 and 3 . Sand content was higher than 75 % for all the soils, indicating that parent materials were mainly consisted of sandstone. There was no significant difference in particle size distribution among the sites. Based on these data, the weathering status of parent materials seemed to be rather strong due to the absence of silt fraction (0.6-2.8%). The soils in the BFR were strongly acid with pHw and pHk values below 5.1 and 4.1, respectively, due to the presence of exchangeable AI and H. The level of available phosphorus in the BFR soils was extremely low even in the remnant forest, ranging from 0.69 to 7.17 mg kg-I. The value of electric conductivity (EC), the amounts of exchangeable Mg and K, total Nand C, and cation exchange HIV., Hydroxy-interlayered vermiculite; It., Illite; Kt., Kaolinite; Lp., Lepidocrocite; Gb., Gibbsite; Gt., Geothite; Qz., Quartz.
capacity (CEC) were relatively higher in the surface soil (5-10 cm) than subsurface soil (15-20 cm) for the Bl soil (remnant forest). Surface soil is always covered by the humus all the year from the vegetation cover at the B1. Furthermore, because of water deficiency for some period of a year, the root mat develops on the surface layer resulting in high carbon content, which also could be a cause of acidity. On the other hand, the content of the nutrients for the other soils was at the same level as was seen in the subsurface soil of the Bl site. This means the surface soils have been lost through the soil erosion after shifting cultivation. Although topography is quite different between the sites, there was no clear difference in the chemical characteristics among the sites except for the Bl soil, suggesting that the available nutrients cannot stay in the surface soils unless the canopy cover present. In the LHNP, the value of EC, exchangeable cations, total C and N, and available P were high only in the surface horizon (Ishizuka et ai., 1998; Hirai et ai., 1997) . It has been generally recognized that the bulk of organic matter and nutrients is distributed in a shallow top layer in most soils in the humid tropics (Burnham, 1984) . Ohta & Effendi (1992) reported that total amount of C, and total and available Nand P stored in soils (0-150 cm depth) under Lowland dipterocarp forest in Indonesia varied widely depending on the soil texture, and that fine soils stored larger amounts of C, and total and available Nand P which were distributed more largely in the subsoils (30-150 cm) than it has been believed. However, the soils in the BFR have very sandy texture. It was considered that the proportion of surface storage to the total was higher in the BFR soils. Once the original vegetation is removed by the human impact, the soils of the mixed dipterocarp forest may be easily degraded mostly due to soil erosion caused by a heavy rainfall throughout a year. This would .be the main reason for the poor regeneration of the vegetation at the shifting cultivation area.
The values of Al and Fe extracted with acid-oxalate (Alo and Feo) in the Bl soil were higher than those in the other soils ( (Oades et al., 1989) . Kaolinite was the dominant clay minerals for all soils, and illite was relatively rich, whereas hydroxy-interlayered vermiculite (abbreviated to HIY hereafter) was not dominant. The term "HIY" is used in this paper according to Barnhisel & Bertsch (1989) . HIY is considered to occur in soils as either weathering products derived from chlorite weathering (Ross et al., 1982) or more commonly from the deposition of hydroxy-Al polymeric components within the interlayer spaces of vermiculite (Jackson, 1962) . Since we could not find any chlorite in our samples, the secondary formation of HIY in acid soil system is more probable, as suggested by Jackson (1962) . In the previous paper , at the stable hill ridge in the LHNP, clay minerals were mostly HIY with a significant amount of kaolinite. The rate and amount of dispersion ofa soil varies with its clay mineral composition. Arora & Coleman (1979) found that sodium-saturated clay minerals differed in their sensitivity to flocculation by NaHCO, in the following order: illite> vermiculite> montmorillonite> kaolinite. It was considered that, at the BFR, HIY was removed out selectively in the event of soil erosion.
The PZSE value of the soils here was not high enough to be named as "strongly weathered soils", although the op value had already become smaller. This is the specific characteristics of the Ultisols distributing widely in the Southeast Asia. Sakurai et al. (1988 Sakurai et al. ( , 1996 and Sakurai (1990) reported similar results for Thai Ultisols. Compared with the Brazilian Oxisols, the PZSE value of Thai Ultisols was lower by 1-2 pH unit mostly because of the presence of 2: 1 type clay minerals, although its amount was quite small. This means that, upon further weathering, 2: 1 type clay minerals would be completely lost from the soil and the relative accumulation of Fe and Al oxides would be promoted. Taking into consideration of this phenomenon, the loss of HIV due to soil erosion may accelerate the soil weathering of the Ultisols at the BFR. Further weathering should lead to the low nutrient retention holding capacity, i.e., lead to the formation of chemically poorer soils. This prevention of soil erosion by means of ecosystem rehabilitation, therefore, will cause a conservation of the soils both physically and chemically.
